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1.1 I. Lars Kilaas, hereby declare and state as follows: 1 am a citizen of NORWAY residing 
at Skansegt. 1 7 C, 70 1 4, Trondheim. 

Background 

2.1 I confinn that I am an inventor of the subject matter claimed m 10/519,167. I am 
currently a Project Director at Sinvent AS of Trondheim, Norway. 

2.2 I have read and am thoroughly familiar with the specification and clabns relating to the 
above-identified patent application. 

2.3 An accurate copy pf my Cuixiculum Vitae detailing my education and employment 
experience is filed herewith. 
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3.1 I have read and am thoroughly familiar with the Examiner's claim rejections under 35 
USC § 102 as set out in the Office Action issued by the United States Patent and Trademai-k 
Office on November 13, 2009. 



3.2 In addition, I have read and am thoroughly familiar with the documents Weitschies 
(US 6.027,946), Tan et al. (US 6,548.264) and Rohr (US 5.445,970) as cited by the Examin 
the Office Action. 



3.3 I confinn that the magnetic properties of magnetic materials depend on the type 
(composition) of material, synthesis of material and in particular the size of the magnetic crystals 
formed during the precipitation process. Both feiromagnetic and ferrimagnetic materials 
(magnetite) may show both supeiparamagnetic and remanence behavior. Depending on the sizes 
of the ferromagnetic crystals, the materials having particle size typically in the range of 10 - 50 
nm (single domain crystals) will have supeiparamagnetic characteristics (essentially no 
hysteresis or residual magnetization after removal of an applied external magnetic field), while 
larger crystals (multiple domains) will have residual magnetization after a magnetic field is 
removed (remanence). The relaxation time for magnetic moments within a domain which are 
randomly oriented is thus size dependant. This particle diameter, often refen^ to as 'the critical 
supeiparamagnetic size", Dp. is describe in several publications e.g. Toshihiko Sato et. al. 
"Journal of Magnetism and Magnetic Materials 65 (1987), p. 252-256. Size dependency is also 
described by Massart. R., US Patent 4.329,241 (1982) and CuUity. B.D.. "Introduction to 
Magnetic Materials, Addison-Wesley, 1972, pages 383-391 (and in particular pages 386-387) 
and pages 410-416 (and in particular pages 414-415). Smgle domain crystals a« explained in: 
http://hYperphYsics.phy-astr.g.sii.edn/hbase/.nliH../fer^l,^i Hence magentite Fe304 can be 
produced as an essential (and practical) supeiparamagnetic and a ferromagnetic material. 
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3.4 Further, I confinn that remanent materials are different from supenDaramagnetic 
materials. The difference in material properties is due to the material's ability to "remember" a 
magnetic moment after being exposed in a magnetic field. These properties are explained in 3.3 
above. The same starting materials can be used to produce these two types of magnetic materials, 
but the procedure and molar composition of reagents will determine the properties of the fmal 
product. 

3.5 Accordingly, I confinn that the simple disclosure in a document of a ferromagnetic 
material, a ferrimagnetic material, an iron oxide material, or magnetite, may refer to materials 
that do not exhibit remanence. Based on the state of the art. as discussed in 3.6 below, one of 
ordinary skill in the art would not understand such a listing of materials to be a disclosure of 
magnetic materials exhibiting remanence. 

3.6 ^ I confirm that to the best of my knowledge, at the priority date of the present invention, 
i.e. 1^' July 2002, it was the general view in the art that magnetic particles for the purpose of 
binding target substances, as part of a method of detection or separation, should not exhibit 
remanence. In particular, as discussed in the third paragraph on page 3 of the application as 
originally filed, it was thought that remanent particles are undesirable because they 
disadvantageously fonn aggregates because of their remanence. It was thought that these 
aggregates prevent intimate mixture with the sample containing the target substances, and were 
therefore considered to inhibit partially binding of the target substance with the particles. 

Weitschies et al. 

4. 1 In relation to the disclosure of Weitschies et I note &om column 2, lines 43 to column 
4, line 45, that this document relates to the qualitative and/or quantitative detection of target 
molecule using a method comprising the steps of a) applying magnetic particles in order to bind 
target molecules, and form a magnetic complex (MC), b) applying a external magnetic field and 
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c) turning off the magnetic field and measuring the relaxation time of the MC. Calibration of the 
system using different loading of the target molecules, makes it possible to do quantitative 
measurements of unknown samples. 

4.2 My understanding of the method of Weitschies et al. is that it requires the use of 
magnetic material which exhibits relaxation of magnetization over the period of the method. 
Thus the method needs to be performed with superparamagnetic materials, which are capable of 
such relaxation. Hence the preferred properties described in this patent teach superparamagnetic 
particles and the person of ordinary skill in the art would not be taught to use rerhanent magnetic 
material. 

4.3 Further, my understanding of the particles disclosed in the Examples of Weitschies et al. 
(column 9, example 1) is that these are supeiparamagnetic because all examples are based on 
superparamagnetic particles produced according to example 1. Example 1 states that the dextran- 
coated magnetic material is bought from Meito Sangyo, From their website 
(http://www5.mediagalaxv.co.iD/meito/kas R ihin/index e.hfm1 - under Dextran derivatives / 
FERUCARBOTRAN (magnetic iron oxide-dextran complex) - the Meito company states that 
these particles are superparamagnetic, and hence the particles produced in all the rest examples 
are thus superparamagnetic. 

4.4 I also note that Weitschies et al. discloses the need for the colloidal suspensions to be 
"freely moveable ferromagnetic or ferromagnetic particles" (column 6, lines 13 to 15). This also 
supports the view that Weitschies et al. are not teaching the use of imaneijt particles because 
remanent particles aggregate in a liquid phase and as such are not "finely moveable". 
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5.1 In relation to the disclosure by Tan et al., I note that this document discloses a large 
number of different nanoparticle types for a vast array of uses (column 2, lines 10 to 15). Tan et 
al., discloses that in some variations the nanoparticle cores can be magnetic (column 2, lines 27 
to 30). Further, the document teaches that the type of core should be selected based on the 
intended application (column 5, lines 1 and 2), I note that particles having remanent 
magnetization are only mentioned in the context of particles which are usefiil in binary magnetic 
recording applications (column 12, third paragraph). Such a use, i.e. binary data storage is clearly 
different from the use of the magnetic particles of the present invention, which are designed for 
use in a liquid phase in the binding of a target substance, to allow the substance to be separated 
from a sample. Magnetic particles for binary magnetic recording applications, such as those 
disclosed in Tan et al, may not be "capable of binding a target substance" according to the 
present application, and in particular may not be capable of binding a nucleic acid. Further, there 
is no indication that the remanent particles of Tan et al.. would have the functional groups 
necessary to promote disaggregation in a liquid phase, 

5.2 In particular, I note that in the Examples magnetic nanoparticles are described. I confirm 
that the procedure described for the production of these particles is a procedure which generates 
superparamagnetic materials (fen-ofluids). In all the described examples the magnetite formed is 
based on precipitation of a mixture of Fez and Fej ions. This is in general the common published 
process for makmg superparamagnetic fen-ofluids, having oxide sizes in the low nanometer 
range (5-30 nm). The size of the oxide formed when mixing the solution containing iron ions 
(Example 1, first container) with the NH4OH/AOT solution (Example 1, container 2) will 
essentially be the same (due to stoichiometric composition of reagents) regaixiless the size of the 
micelles or droplets that undergo coalescence. The later fomed core made up by multiple 
superparamagnetic oxide (ferrofluid) will remain superparamagnetic. 
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6. 1 In relation to the disclosure of Rohr I note that this document discloses a magnetically- 
attractable material as a detectable label in binding assays. As explained in column 2 lines 45 to 
58, the magnetic label is subjected to a magnetic field and the label displays a resultant force or 
movement The extent of the force or movement is modulated by an analyte that may be present 
in the test sample. The effect of the magnetic field on the magnetically-attractable label can be 
used as a measure of the presence or amount of an analyte in a test sample. AccoKlingly. I 
believe that it is apparent to persons skilled in the art that this method works in a manner similar 
to that of Weitschies et al, described above. 

6.2 I note that in the examples only superparamagnetic particles are described and thus I 
consider that the person of skill in the art would be deterred from using magnetic materials that 
exhibit remanence, especially when considering the general view of the state of the art as 
discussed in 3.6 above. Indeed, one of ordmary skill in the art would be led towards using 
superparamagnetic material when working the method described in this d 



I declare further that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and fiirther, that all statements 
were made with the knowledge that willful false statements and the like so made are punishable 
by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code, and 
that such willful false statements may jeopardize the validity of the application or any patents 
ensuing thereon. 
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Respectfully submitted, 
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2. Experimental methods 
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3.3. The causes of the Magneibsaiton decrease 

There are several possible causes of the de- 
crease in a,: 1) crystal lattice defects, 2) the mass 
effect of adsorption water on the particle surface, 
3) chemical changes on ihe surface, and 4) mag- 
netic degradation of the surface. 

Based on the clear latdce images and XD or 
chemical analysis, possibilities 1) and 3) may have 
little effect and can be ruled out. Possibility 2) was 



also deleted because these values were com 
pensated, as mentioned above. 

Therefore, the decrease in cr, is thought to b< 
caused by some surface characteristics, such a. 
magnetically inactive layer or magnetic effect, 
caused by the asymmetric environment of th< 
atoms near the surface. 

Assuming a magnetically inactive layer on ihi 
particle surface, and considering volume depend 
encies only, it was estimated that the inactive layc 
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thicknesses corresppnd to the experimental values 
of magnetization deficiency. The relation between 
the inactive layer thickness and is shown in 
fig. 4, The inactive layer is estimated to be about 1 
nm thick for 10 nm MnFCjO^, which has a rela- 
tively small ATj, and 0.4 nm thick for 10 nm 
CoFe204 and Coo.7Feo.3Fej04 particles, which 
have larger K^. 

Further study is required to determine the pre- 
cise origin of the inactive layer. 



4. Conclusion 

Morphology and Magnetic properties were 
studied for ultrafine ferrite particles prepared by 
coprecipitalion. A sharp decrease in the relative 
saturation magnetization (J,/cibv]k. was seen for 
particles smaller than 10 nm in diameter. Satura- 
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tion magnetization decreases for all particle sizes 
were seen to be closely related to crystalline mag- 
netic anisotropy constant Sharp decreases in 
saturation magnetization were attributed to surface 
effects such as a magnetically inactive layer. 
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[57] ABSIRACT 
New ferrofluids. 

They consist essentially of an aqueous sol of polyoxyan- 
ions of Fe(in) and at least one metal of oxidation degree 
II from the first series of transition metals, with an asso- 
ciated cation, notably selected from H+,N (CH3)4+ and 

N(C2H5)4+. 

Application for example for obtaining levitation or 
self-sustentation systems, as well as for forming contac- 
tors or rotating paths. 

UCIaimB, 
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C. R. Acad. Sc. Paris, t.285 (July 18, 1977)- Series C, 

MAGNETIC FLUroS AND PROCESS FOR 77-76). 

OBTAINING THEM However, these procedures had the common draw- 
back of necessitating expensive and polluting organic 

This invention relates to new magnetic fluids, and to 5 solvents, and/or at least requiring the incorporation of 

a process for obtaining same. More precisely, the inven- at least one surfactant which may also be a polluting 

tion relates to new ferrofluids and a process for prepar- element and which increases the cost of the prepara- 

ing them. tibns containing it. 

Ferrofluids are usually defined as being stable coUoi- It has now unexpectedly been found that it is possible 

dal suspensions of ferromagnetic or ferrimagnetic 10 to obtain ferrofluids without the addition of a surfactant 

solids. In other words, they are newtonian colloidal and in water, and it has also been found that the range 

suspensions, perfectly stable and fluid in a magnetic of ferrofluids which may be prepared in this way is not 

field of ferromagnetic or ferrimagnetic subdomains, and limited to the case of iron [Fe(III)/Fe(II)] and can com- 

therefore they should not be confused with the fluids pnse other metals to replace Fe(II). 

used in magnetic clutches, which flocculate and lose The first object of the invention is new ferrofluids, 

their fluid character as soon as they are subjected to a essentially consisting of an aqueous solution or sol of 

magnetic field. polyoxoanions of Fe(III) and at least one metal at the 

Another type of magnetic fluids is also known, these oxidation degree II, selected from metals of the first 

are paramagnetic aqueous solutioiis; these solutions series of transition metals, and notably from Fe(II), 

contain paramagnetic ions, that is to say, ions with an 20 Co(II), Mn(II), Cu(II) and Ni(II), with an associated 

electronic structure containing unpaired dectrons and cation- As metal M(II) with oxidation degree II, Fe(II), 

whose paramagnetism is easily calculated from the ^""^ ^"P^) especially preferred, 

quantic numbers characterizing these ions. solubility of the ferrofluid in water depends on 

However, a magnetic field exerts on a ferrofluid a ?^^?|?'JiE,f ""^'^'^^ P''^^*"'- 

force approximately twice as great as that the same field Fe(lU)/Mai). and the nature of the cation associated 

exerts on such a paramagnetic solution. Polyp^ofon- 

Therefore, ferrofluids have been found to be particu- „ J^,^??T!vuo t5\*T "^^l r,^ ^^^^"^'^ 

larly advantageous as they make it possible to obtam H+,N(CH3)4+N(C2H5)4+ and the Idee, so long as they 

high expulsive forces with a weak magnetic field and, ,„ Po'yo^o^on more soluble m water than the 

hence, a moderate consumption of energy, to the extent ^ 5 A example. However it 

that, for some apXZs/pSmS'maS.etf S ^r'' """T^ 'h'*' 7°'^''!" 

sufficient • f e (i.e. m acidic medium), the polyoxoamon can be re- 

Xho firet A>rmfi.,i,i<> ™o^= 5- i„i „f gaided, whcD taken together with the associated cation, 

thJ^Si^r^h^r ^ Tj^ x^t vT% ^ « polycation. and L stability of the solutions also 

?ll5^t2^1.v^Li^?^rit!. f« ^ : I ■ ^k" 35 depends on the anions which are in the solution; for 

3,215,572) by grmdmg fernte for several weeks m the -xsmole anions such as NO,- CI- ClO^- leaH tn a 

Sue7fo"°""r''?°'f-?r^t'^^^^^ ToS^bSwhere-^S?-^ 

contmued for a very long tune for the sobd particles to nuantitativelv the nolvcation ^ ^ ' 

^.tr'''Tt?r^^i:'*^'^"'^-^"'K'°^^^'- " — rXl-Sit'is possiWe, using routine 

m) to permit stabilization of the suspension by brownian ^ tnals, for those with an ordinary skDl in the art to deter- 

movement. This corresponds to particl^ each of which the most suitable pH and the most fitting associ- 

consistsofamagneticsubdomainandofonly about 105 ated cation 

atoms. It is the oleic acid which, being adsorbed on the The new ferrofluids of the invention can be identified 

surface of the particles m an or^ medium, m particu- by their physical-chemical characteristics as follows: 

lar m kerosene, provides repulsive forces as far as at 45 as stated hereinabove, they consist essentially of an 

some tens of AngstrSms and thus prevents magnetic aqueous solution of polyoxoanions of Fe(III) and at 

flocculation. . ^ . , least one metal M(n) selected from the first series 

Such a process is obviously very expensive. of transition i^etals. with an associated cation. 

, o,. u^^u^ i^*^/"^".®, "^^^ " *e polyoxoanions form grains with a mean diameter 

, I ^.^^^'^^^l" Magnetic Fluids, Chemi- 50 in the order of hundred angstroms and having a 

c^ Technology Vol. 5 September 1975, pages 540-546, molecular weight m the order of lO^ to 10^. 

which is incorporated herem by reference) who pro- their absorption spectrum m the visible light has a 

posed formmg particles of colloidal magnetite by genni- shoulder between about 450 and 500 nm and a 

nation and development starting with Fe(II) and Fe(m) maximum absorption at 1400 nm, for Fe(m)/- 

(m practice, ferrous chloride and ferric chloride), under 55 Fe(II), in the near IR. 

suitable conditions of stirring and supersaturation to if necessary, they can be completely dehydrated and 
limit the size of the crystals formed. (See also IBM resolubilized without difficulty. For example, at 
Techmcal Disclosure Bulletin, Vol. 19 No. 7, Decem- loO" C, dehydration provides a solid comprising 
ber 1976, pages 2753-2759, which is incorporated one mole water per mole total iron (including, 
herem by reference). The reaction is then conducted m 60 therefore, Fe(II) in the case of Fe(III)/Fe(n)). This 
the presence of ammonia, kerosene and oleic acid. The solid can be directly resolubilized in water, 
principle of the method was, moreover, previously the X-ray powder diagram is identical to that of biva- 
known by physicians specialized in magnetism under lent metal ferrites. In the case of ferrofluid Fe- 
the name of the Elmore method. (III)/Fe(II) in particular, even when the iron is 
In another connection, in France, Papirer E. elabo- 65 completely oxidized, the diagram is not that of 
rated a preparation of ferrofluids containing metallic yFe203, but remains that of magnetite. Measure- 
cobalt in suspension in toluene (see "Preparation de ment of the width of the lines confirms a size of 
suspensions de particules de cobalt fmement divis€es", about 100 angstroms for the polyoxoanions. 
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A second object of the invention is a process for EXAMPLE 1 
h ferrofluids, in an aqueous medium and 



without the addition of a' surfactant to prepare them. ^This example relates to the preparation, according to 

which process comprises adding to a base of a suitable ^^""""'^^ ''^^^^"'g 

amounjof the product of^ssolution in water of the ' ^^^J^.^^f^J^S:,^^^^^^ 

salts of the appropnate metals to form a gel; after op- ^ i beaker and was heated to 100' G. This solution was 

tional separation of said gel, effecting a cation exchang^ j„^t^^ at 100' C. and was stirred vigorously with a 

by means of an aqueous solution of a suitable cation; and i^eiting magnetic agitator, while a solution formed by 

separating the gel so obtained, which is resolubilized to 40 ml 1 M FeCl3+ 10 ml 2 M FeQ:, 2 M HCl 

an aqueous solution with, optionally, adjustment of the ^gs added, drop by drop (for 5 minutes) from a separat- 

pH by a base. ing funnel. 

In practice, the amount of base to which there is (b) The mixture was maintained at about 100° C. for 

added the dissolution product in water of the metal salts 10 muiutes and then left to cool to ambient temperature, 

in question is an excess, based on the stoichiometric 15 (c) The gel formed was decanted onto a permanent 

amount necessary for the formation of hydroxides of.the magnet and the supematent solution was removed with 

metals present. Depending on the metal MQJ) used, a pipette attached to a water jet aspirator, 

heating may be advisable to promote dissolution in the (d) "f e recovered in (c) was agitated with 200 ml 

jjgjg . 1 M mtric acid, for 10 minutes on a magnetic agitator. 

According to another embodiment of this process, it ^ Step (c) was then repeated^ 

is po^iWe to dispense wi* gel -parati- ^ u^ a ^ S 1^2^^ ml water for 5 min- 

base with a cation suited to form tiie aforesaid associ- 2OO ml 1 M nitric acid was added and step (c) was 

ated cation. repeated 

Generally speaking, the sources of the starting metals ^5 (g) step (0 was repeated three times, 

are salts which can be selected, notably, from: (j,) jjjg g^, centrifuged at 2000 r.p.ra. for 1 hour 

for Fe(III): ferric alum, ferric chloride and ferric and the supernatent was removed. 

nitrate; . (i) 3 g of this gel were dissolved in water and brought 

for M(II): Mohr's salt, ferrous chloride, ferrous sul- up to a final volume of 10 ml. Determination of total 

phate and the hydrosoluble salts of metals of oxida- 30 iron and Fe(II) by potassium bichromate in the presence 

tion degree II of the first series of transition metals. of diphenylamine sulphonate (according to Chariot, Les 

Although, in the preparation, the ratio of Fe(in) to Methodes de Chimie Analytique; Masson, 1966).demon- 

the bivalent metal M(II) (whether there be one or more strated a total iron concentration of 1.36 M and a ratio 

than one of the latter) in the ferrofluid is not critical, a Fe(III)/Fe(II)= 15. 

ferrofluid having an initial ratio Fe(ni)/M(II) of about 35 EXAMPLE 2 

2 is preferable. „ . ,. , . ^ „ j 

It should also be noted that tiie ratio Fe(III)/M(n) is 'Th* procedure according to example 1 was followed 
susceptible to change with time, by the simple fart of except that instead of step (1), 3 g of the gel of^tep (h) 

TT^r^^'^ri^^^ - S£tlm SdXir ASS dltimfJt 

the type Fe(III/Te(II). But this is not prejudicial to the „tio Fe(nD/Fe(II) io be 11. 
qualities of the fmal product m question. 

The strong base initially added to these salts may be EXAMPLE 3 

any suitable base, and notably NaOH, or again, tet- This example illusttates the preparation, according to 

ramethyl- or tetraethylammonium hydroxide. 45 jhe invention, of Fe(ni)/Fe(II) ferrofluids from an 

In the particular case of FeC(II)/Fe(II) ferrofluids, it initial ratio Fe(III)/Fe([I)= 5. 

is also possible at this stage to use NH3 in aqueous solu- The process was conducted as in steps (a) to (h) of the 

tion. The compound used to provide the associated process according to example 1, except that 4 ml 2 M 

cation can be selected from suitable acids, notably HCl, FeCb, 2 M HCl were used instead of 10 ml in step (a). 

HNOs or CH3COOH, or from tetramethyl- or tetraeth- 50 The gel obtained in (h) was water soluble and analysis 

ylammonium hydroxide. ofa solution with a total iron content of 0.68 Mdemon- 

In each of the steps where a gel is to be collected or strated a ratio Fe(III)/Fe(II) of 20. 

recovered, the operation is conducted in the conven- EXAMPLE 4 

tional manner, i.e. by decantation on a magnet or by _ ^ • _, 

centrifngation, after optional washing with water. 55 .-^ miof M FeCb and 10 ml 2 M FeCh were mixed 

From the magnetic standpoint, the ferrofluids of tiie 2?° water. The mixture was stirred vigorously 

: !,».. Jlu»-.-i.»^-»:^,o ^:^:io, t« «f B.™» at ambient temperature and 1 20 ml of 2 M ammonia was 

rirhThJTkn^r «Pi*y was continued for 5 minutes, 

fluids hitherto known. . Then step (c) and the following steps (up to step i) of 

They are, therefore, suited for use in all the applica- ^ p„cess of the invention were- followed, 
tions envisaged for these compounds, beanng m mmd ^„ ferrofluid was obtained, which was sub- 
that, in the presence of a magnetic field, tiiey constitute jg^ted to the following assessments: 
an anisotropicmedium for which the direction of the ,j,e mean charge was determined by means of the 
fleld is a preferential direction. These applications are. analytic method of step (i) according to example 1; 
among others, levitation, self-sustentation or prepara- 65 the ratio obtained in the Fe(III)/Fe(II) solution 
tion of contactors or rotating paths. was 10. Protometric assessment of this solution by 

The invention will be described more spedflcally in tetramethylammonium revealed a ratio HsO+Zto- 

the following examples, which in no way limit it. tal iron of 0.07. 



4,329,241 

5 6 

the molar mass was determined by means of measure- (1) by dissolution of the gel in water, revealed a ratio 

ment of the apparent sedimentation coeflicient by iron/cobalt of 1.35 for (iron): 0.34 M; 

analyatic ultracentrafugation at 8000 r.p.m. Exploi- (2) by dissolution of the gel in a 1 M tetramethylam- 

tation of the results, taking as a model a spherical monium hydroxide, revealed a ratio iron/cobalt of 

particle, demonstrated a molar mass in the order of 5 1.32 for (iron)=0.6 M. 

8.106. What I claim is: 

the absorption spectra were established in the visible; 1. Ferrofluids consisting essentially of an aqueous 

these spectra, conducted from 350 nm, showed a solution free of surfactants of polyoxoanions of Fe(III) 

shoulder between 450 and 500 nm. Furthermore, a and at least one metal with an oxidation degree 11 se- 

maxunum absorption at 1400 nm was revealed in 10 lected from transition metals consisting of iron, cobalt, 

the region close to IR. manganese, copper and nickel, with an associated cation 

PYAVfPT P s ^^^^''^ N(CH3)+4 and N(C2H5)+4. 

cMMfua 3 2. Ferrofluids according to claim 1, wherein the po- 

40 ml 1 M tetramethylammonium hydroxide were lyoxoanions form particles having a mean diameter m 

poured onto the mixture of 10 ml 1 MFeCb and 4 ml 0.5 15 the order of a hundred angstroms and a molecular 

M FeS04, 1 N H2SO4. The whole was heated until weight in the order of 10* to lO^. 

dissolution and the desired fenofluid was obtained di- 3. Ferrofluids according to claim 1 which has an 

rectly. absorption spectrum in the visible light showing a 

EXAMPLE 6 shoulder in the range of about 450 to 500 nm. 

CAAAU'L.ii 0 20 *■ P^rrofluids according to claim 1, which comprise 

This example relates to the preparation according to Fe(III)/Fe(II) polyoxoanions and have a maximum 

the invention of Fe(ni)/Co(ir) ferrofluids, from an absorption at 1400 nm in the near IR. 

mitial ratio iron/cobalt =2. 5. Ferrofluids accordmg to claim 1, which are dehy- 

The process was conducted as in (a) to (h) in example drated. 

1, but using 80 ml 0.5 M PeCh and 40 ml 0.5 M Co(- 6. Ferrofluids according to claim 1, which have an 

N03)2. Determination of cobalt by cerium (IV) in the X-ray powder diagram identical to that of bivalent 

presence of orthophenanthroline (according to Chariot, metal ferrites. 

Les MSthodes de Chimie Analytique; Masson, 1966) in 7. A process for producing ferrofluids according to 

a solution obtained by dissolution of the gel in water, claim 1, which comprises addmg to a base selected from 

revealed a ratio Fe/Co of 1.88. Protometric determina- NaOH, NH3 in aqueous solution, tetramethyl ammo- 

tion of this same solution with tetramethylammonium nium hydroxide and tetraethyl ammonium hydroxide a 

enabled the ratio HaO+Ztotal iron to be assessed as 0.33. suitable amount of the product of dissolution in water of 

Furthermore, exploitation of a magnetizatipn cuibe the salts of the appropriate metals to form a gel; after 

obtained with this iron-cobalt ferrofluid of a cdncentra- optional separation of this gel, effecting on said gel a 

tion of 0.6 M Fe(np, in an aqueous solution with 0.3 M cation exchange by means of an aqueous solution of a 

tetramethylammonium hydroxide enabled the follow- suitable cation provided by means of a compound se- 

ing characteristics to be established: lected from HCl, HNO3, CH3COOH, tetramethyl am- 

particle diameter: 121 angstroms monium hydroxide and d tetraethyl ammonium; and 

standard deviation of size distribution (assim>ed to be separating the gel so obtained, which is resolubilized to 

ganssian): 71 angstroms an aqueous solution with, optionally, adjustment of the 

magnetization to saturation of the fluid (1 ^ pH by a base. 

gauss= 1 X 10-'' teslas): 66 gauss/cm3 8. A process according to claim 7, wherein amount of 

pv A AjfPT p 1 **' which there is added the product of dissolu- 

This example illustrates the preparation, according to the stoichiometric amount necessary for the formation 

the invention, of Fe(III)/Co(U) ferrofluids from an ^5 of hydroxides of the metals presents, 

initial ratio iron/cobalt =5. 9. A process according to claim 7, wherein separation 

A similar procedure was followed as in example 1 of the gel is dispensed with by using a base the cation of 

(steps (a) to (c)), but using 100 ml 0.5 M FeCb and 20 ml which is suited to constitute the associated cation, 

0.5 M Co (N03)2. The gel formed and recovered at the 10. A process according to claim 7, which comprises 

end of step (c) was stirred for 10 minutes with 200 ml 4 50 using, as sources of starting metals: 

M acetic acid. Step (c) and subsequently step (h) were for Fe(ni): ferric alum, ferric chloride or ferric ni- 

repeated. The gel obtained was stirred for 10 minutes trate; 

with 50 ml 1 M nitric acid. for M(II): Mohr's salt, ferrous chloride, ferrous sul- 

Step (c) followed by step (h) were again lepeaXed. phate or a hydrosoluble salt of at least one metal of 

Determination of the solution obtamed by dissolution 55 oxidation degree II of said transition metals, 

in water of the gel recovered showed a ratio iron/cobalt 11. Ferrofluids consisting essentially of an aqueous 

of 4.63 for a concentration (iron)=0.2 M. sol free of surfactants of polyoxoanions of Fe(III) and at 

PYAMPT p H metal with an oxidation degree II selected 

HA AJWU-m IS gpgjj, transition metals consisting of iron, cobalt, manga- 

This example illustrates the preparation, according to 60 nese, copper and nickel, with an associated cation se- 

the invention, of Fe(III)/Co(II) ferrofluids from an lected fiom H+, N(CH3)+4 and N(C2H3)+4, wherein 

initial ratio iron/cobalt= 1 . said polyoxoanion particles have a mean diameter in the 

A similar procedure was followed as in example 1 order ofa hundred angstroms and a molecular weight in 

(steps (a) to (c)) using, this time, 60 ml 0.5 M FeCb and the order of 10^ to ICf, said ferrofluids having an ab- 

. 60 ml 0.5 M Co(N03)2. The gel was recovered and 65 sorption spectrum in the visible light with a shoulder in 

stirred with 200 ml 4 M acetic acid for 10 mmutes. Step the range of about 450 to 500 nm and an X-ray powder 

(c) followed by step (h) wfcre then effected. diagram identical to that of bivalent metal ferrites. 

Determination of the solution obtained: « * * ♦ * 



Z 




II 1 1 1| I iff I If 



6 §11-^^ 



2 .§ a fl -J ^ a „ 



i ! I H 1 1 i l| I °" ^„ 1 1 1 f Ml i 1 1 1 



.alls 

~ -o ."2 .■S 

i2 ^ S " 



e 5 o 



53 1 i 
III 

s 
I 



"til 

■5 



^■3 I 



.§1 



-a g 2 

III' 



3^ 
S..S 

if 
It 



1 • 



-a i S I i 

" 35 S §S 5| g£ 




! i mm mm 



.5 "^-^-S 



■3.U 



i -s -s 



il'Pll^^ilHj 



b 5 ^ 



tt|l illl HlillPi^i! 
111! itl^^'iilsltsHiig- 




3 o S -5 



s^sy&l :s^-:g^^^« gll-o-BS^I 



• 2 2 



S 

.11 



2 I a s I a ^ 



I 2 



■§•3 ^2 

|5l 



0 1 ft . - 

° § e ^ 

rq 5 i! -g 

1 i § M 3 

1.1 ysi 



III flliBlillll! 
i| ills a|IH|*ilil?!!fl 

itliilf |li|||||i|||:p|| 

^inV' j liisis?-it2ir!|ii 




nil III |i 



Icq S ^ J2 ■§ -Si 



1 j 1 8 
« ^ 2 ^ u 

^1.1 it 

is I-? I 



1 1 9 I « 



? J « s ^ 

C " ^ " . ° 0< §'■'3 ■< 



° § ,2 



•s -g I ■§ I 



a a « o.^ 
" -s ^ i "i 



6)2 e §< 

lf{f 

IM 

11^! 

|l§l 



•a a ^ S g « S o -2 ° '5 « 



I 



111 




m 



/ 




1 ^ .1 a .H 



D pa 5: 



- "I 



JItflil 



> 2 ^ g 



?a5 



2 .a E " o 8* 

- a a - " 

g I ^1 8 - 



•5 i 
•3 

as 

.9 ''^ 

o .a 



s s a XI 

Hill 

os,.i2 2 -g II 



^ o u - « 



-S.E S 

til 

1 ^ ^ 



3 H -3 J 8 I 



I 



.'Si 



es 'i :§ § 'g 



"fid"" 
I § " I 

Hpi 



I 



11 

So 



11 

8 E 



§1 



o3 tS 
O 

•S B 

II 
8 8 

•II 



sll 



o o o g 2 . a .| ^ ^ g £ 



§ ^ I •I •« g» I § I -o :s 
liiilliilil 



Ferromagnetism 



Page 1 of 6 



Ferromagnetism 

Iron, nickel, cobalt and some of the rare earths (gadolinium, dysprosium) 
exhibit a unique magnetic behavior which is called ferromagnetism because 
iron (ferrum in Latin) is the most common and most dramatic example. 
Samarium and neodymium in alloys with cobalt have been used to fabricate 
verv strong rare-earth magnets. 

Ferromagnetic materials exhibit a long-range ordering phenomenon at the 
atomic level which causes the unpaired electron spins to line up parallel with 
each other in a region called a domain. Within the domain, the magnetic field 
is intense, but in a bulk sample the material will usually be unmagnetized 
because the many domains wall themselves be randomly oriented with 
respect to one another. Ferromagnetism manifests itself in the fact that a 
small externally imposed magnetic field, say from a solenoid, can cause the 
magnetic domains to line up with each other and the material is said to be 
magnetized. The driving magnetic field will then be increased by a large 
factor which is usuallv expressed as a relative permeabilitv for the material. 
There are manv practical applications of ferromagnetic materials, such as the 
electromagnet. 

Ferromagnets will tend to stay magnetized to some extent after being 
subjected to an external magnetic field. This tendency to "remember their 
magnetic history" is called hvsteresis. The fraction of the saturation 
magnetization which is retained when the driving field is removed is called 
the remanence of the material, and is an important factor in permanent 
magnets. 

All ferromagnets have a maximum temperature where the ferromagnetic 
property disappears as a result of thermal agitation. This temperature is 
called liie Curie temperature. 

Ferromagntic materials will respond mechanically to an impressed magnetic 
field, changing length slightly in the direction of the applied field. This 
property, called magnetostriction, leads to the familiar hum of transformers 
as they respond mechanically to 60 Hz AC voltages. 
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Long Range Order in 
Ferromagnets 

The long range order which creates magnetic domains in ferromagnetic 
materials arises from a quantum mechanical interaction at the atomic level. 
This interaction is remarkable in that it locks the magnetic moments of 
neighboring atoms into a rigid parallel order over a large number of atoms in 
spite of the thermal agitation which tends to randomize any atomic-level 
order. Sizes of domains range from a 0.1 mm to a few mm. When an 
external magnetic field is applied, the domains aheady aligned in the 
direction of this field grow at the expense of their neighbors. If all the spins 
were aligned in a piece of iron, the field would be about 2.1 Tesla. A 
magnetic field of about 1 T can be produced in annealed iron with an 
external field of about 0.0002 T, a multiplication of the external field by a 
factor of 5000! For a given ferromagnetic material the long range order 
abruptly disappears at a certain temperature which is called the Curie 
temperature for the material. The Curie temperature of iron is about 1043 K. 


Index 

Reference 
Ohanian 
Sec 33-3 


HvperPhvsics* * ** * Condensed Matter ***** Electricity and R 
Magnetism ^^ve 


Go Back 



The Curie Temperature 

For a given ferromagnetic material the long range order abruptlv disappears 
at a certain temperature which is called the Curie temperature for the 
material. The Curie temperature of iron is about 1043 K. The Curie 
temperature gives an idea of the amount of energy takes to break up the 
long-range ordering in the material. At 1043 K the thermal energy is about 
0. 1 3 5 eV compared to about 0.04 eV at room temperature. 
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Magnetic Domains 

The microscopic ordering of electron spins characteristic of ferromagnetic 
materials leads to the formation of regions of magnetic alignment called 
domains. 
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The main implication of the domains is that there is already a high degree of 
magnetization in ferromagnetic materials within individual domains, but that in 
the absence of external magnetic fields those domains are randomly oriented. A 
modest applied magnetic field can cause a larger degree of alignment of the 
magnetic moments with the external field, giving a large multiplication of the 
applied field. 

These illustrations of domains are conceptual only and not meant to give an 
accurate scale of the size or shape of domains. The microscopic evidence about 
magnetization indicates that the net magnetization of ferromagnetic materials 
in response to an external magnetic field may actually occur more by the 
growth of the domains parallel to the applied field at the expense of other 
domains rather than the reorientation of the domains themselves as implied in 
the sketch. 
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Some of the more direct evidence we have about domains comes from imaging 
of domains in single crystals of ferromagnetic materials. The sketches above 
are after Young and are adapted from magnified images of domain boundaries 
in single crystals of nickel. They suggest that the effect of external magnetic 
fields is to cause the domain boundaries to shift in favor of those domains 
which are parallel to the applied field. It is not clear how this applies to bulk 
magnetic materials which are poly crystalline. Keep in mind the fact that the 
internal magnetic fields which come from the long range ordering of the 
electron spins are much stronger, sometimes hundreds of times stronger, than 
tiie external magnetic fields required to produce these changes in domain 
alignment. The effective multiplication of the external field which can be 
achieved by the alignment of Ihe domains is often expressed in terms of the 
relative permeability . 



Domains may be made visible with the use of magnetic colloidal suspensions 
which concentrate along the domain boundaries. The domain boundaries can be 
imaged by polarized light, and also with the use of electron diffraction. 
Observation of domain boundary movement under the influence of applied 
magnetic fields has aided in the development of theoretical treatments. It has 
been demonstrated that the formation of domains minimizes the magnetic 
contribution to the free energy. 
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Relative Permeability 

The magnetic constant |J.q = 47t x 10"^ T m/A is called the permeability of space. 
The permeabilities of most materials are very close to |J,q since most materials 
will be classified as either paramagnetic or diamagnetic . But in ferromagnetic 



materials the permeability may be very large and it is convenient to characterize 

the materials by a relative permeability. 



Some irepresentative relative permeabilities: 

.200^ 



magnetic Bron 

nickei — ,«.lO0 at a magnetic 

p@rmalloy,„..„.„.„.....„ 8,000 fluxdemrty 

(78,5% nickel 21 ^% iron) Of 0.002 WJm^ 

C75% nickeU% chromium, 
S% copper, 18% Iron)! 
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When ferromagnetic materials are used in applications like an iron-core 
solenoid, the relative permeability gives vou an idea of the kind of 
multiplication of the applied magnetic field that can be achieved by having the 
ferromagnetic core present. So for an ordinary iron core you might expect a 
magnification of about 200 compared to the magnetic field produced by the 
solenoid current with just an air core. This statement has exceptions and limits, 
since you do reach a saturation magnetization of the iron core quickly, as 
illustrated in the discussion of hysteresis. 

1 Magnetic properties of solids | 
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By using of fermentation technology from microorganism, Meito Sangyo 
Co., Ltd. Fine chemicals Division produces unique products, such as 
polysaccharide and enzymes. 

Out of our products, both dextran used for a plasma expander and 
microbial rennet, cheese production enzyme are produced by limited 
manufacturers worldwide. 

Dextran derivatives with a variety of functional group can be produced 
from Dextran by chemical reaction. Anion-donating reaction such as 
sulphonation, carboxymethylation or cation-donating reaction like tertiary 
amination can be carried out for purpose-made product. Since dextran 
acts as a protective colloid to keep solution highly dispersed, Iron oxide or 
magnetic iron oxide dextran complex can be also manufactured. These 
resultant products are physiological and biocompatible ones which are 
applicable as raw materials for pharmaceuticals and cosmetics. 

Especially in Japan, Meito Sangyo is sole manufacturer of these products. 

Lipase, as one of typical enzyme, fat-splitting enzyme obtains an 
acceptance by customers globally. Furthermore, In the future, this 
promising enzyme is expected to have a variety of applications, depending 
on its microbial origin. 




Our HachioujI factory where we are producing Dextran products and 
lipases has established the environmental management system 
conforming to ISO14001, which is the international environmental 
management standard, and was granted ISO14001 Certificate of 
Registration in June 2001 . Our registered site is now working on continual 
improvements in our performance to achieve the environmental objects 
and targets according to our environmental policy. 
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